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1 INTRODUCTION

In order to discuss the literature in the man research fidld of CERN (paticle physics,
sometimes dill referred to as high-energy physics (HEP)), some very generd remarks on this
field may be ussful to put the literature into its context.

Particle phydcs as a digtinct fiedd of physcs is generdly consdered to have begun in the last
decade of the 19" century with the discoveries of radioactivity by Henri Becquerel (1895) and
the dectron by JJThomson (1897). Even after more than 100 years of further research in
which much finer sub-structure has been found in many so-cdled “dementay” paticle
sysgems (such as nude and hadrons), it is ironic that the eectron is dill dementary even a
today’s levd of underdanding. The order of discoveries is not necessrily a steady
progression from complex to smple.

Following the Second World War the particle physics field began to leave the areas of nuclear
physcs and cosmic rays where many advances in underganding had been made. The
congruction of particle accderators alowed experiments to be caried out in much more
controllable gStuations. As one moved to higher and higher energies the dzes of the
accelerators increased 0 that we now have the tunnd for the LEP and LHC machines at
CERN which is 27 km in circumference. Even 0, the energies are ill far, far below some of
the energies that are observed outside in the Universe, 0 it seems inevitable that there will be
a return to cosmologica sources & some time in the future. The new fidd of astropaticle
physics has firmly established itsdlf in the past ten years.

In particle physics today, there are about 20,000 active researchers worldwide, which is quite
smnal compared to some other branches of physics. Although this is research requiring large
and codly mechines that sngle countries can no longer afford, this very fact endbles
physicigs from many smadler countries to participae in the research. Only Africa is under-
represented in the research community.

The research is carried out whally in the academic field, because it has no current commercia
goplications (though there are many commercidly-interesting spin-offs). As in many branches
of science, increased specidization has meant that there are essentidly no longer any people
who are able to make mgor contributions on both the experimenta and theoretical Sdes.
Enrico Fermi (1930s and 1940s) is usudly said to be the last person who managed this. The
rescarchers are divided about equaly into theorists and experimentdists. The theorids are
scattered dl over the world in rather samdl groups, modly in universties. The database of
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particle physics research indtitutes that we compile contains about 900 entries a present. The
experimentalists aso work in universties or naiond laboratories, but have to go to one of the
mgor internationa laboratories like CERN in order to carry out their experiments. Their stays
a these laboratories may range from a few weeks to severa years, depending on the
complexity of the project and their own particular role in it. Some commute from their home
universities whenever their teaching schedule permits it. Some are permanently resdent a the
international laboratory and “anti-commute’” back to ther universties when they have to give
their lectures.

CERN is the largest of the world's particle physics laboratories. Although the Member States
financing CERN are dl European, the laboratory does in fact welcome researchers from al
over the world (about 80 countries). CERN constructs and operates the accelerators and
provides the technicd, computing and adminidrative infrastructure. But the costs of the
experimental detectors have to be met by the research groups themselves. Of course those
working on the accderator and technicd sde ae dso a the forefront of ther respective
fields, so there is some pure research activity there aswell.

2 PUBLICATION PATTERNS

Publishing the results obtained a CERN is of paramount importance. After dl, this is the only
legacy that will remain for future generations, once the accelerators have been closed down.
The CERN Convention mentions in its second sentence that “the results of its experimenta
and theoretical work shal be published or otherwise made generally available’. One aspect
that is not an isue is that of trandations. Most documents are written in English, but those
that are in other languages (French, German, etc.) are not usualy trandated.

We do not however just ded with CERN documents, but with the complete world body of
literature on particle physcs. The most important class of documents contains the results of
the particle physcs research itsdf, both experimentd and theoreticd. The theoretica
documents outnumber the experimental ones by perhaps 10:1, but they have typicaly only T
3 authors, whereas the experimental publications tend to have much larger author lists of 50-
500 people. After that there are secondary publications like conference contributions in which
the primary results are discussed. One of the sgnificant developments of the st two decades
has been the enormous increase in the complexity of the experimenta detectors, in order to
cope with the precison and data taking rates necessary. With the long run-in times for future
detectors (10-15 years for the LHC experiments), most experimenta researchers are involved
in detector development for a very long time, before there are any actua particle physics data
to andyze. This activity dso generates a subgstantid literature. Findly, the acceerator and
technical areas also produce alarge number of documents.

3 PREPRINT HISTORY AND THE START OF THE ELECTRONIC ERA
The CERN Scientific Information Service (which includes the Library) was created in 1955

soon after the creastion of CERN. What we have done since the sart of the dectronic

document era 10 years ago is very much a consequence of what we did in the 30 years before
that.
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Ever snce the late 1950s, most primary particle physics documents were initidly circulated as
preprints before being published in the traditiond journds. This preprint activity developed
because researchers condgdered that the time lag before publication was too long, so that to
wait for it would have dragticdly curtailed the activity in this fast- developing field.

During the period 1960-1990, many of the preprint series issued by universties and
laboratories became very wdl known. They often had ther own “look” with colorfully
designed covers and many of the documents were refereed internaly to ensure tha the quality
of the inditutes work was maintaned. They were didributed free to hundreds of other
inditutes in the fiedd. As text-editing tools and better printers became available, they dso
developed from typewritten documents to have layouts that were comparable in quality with
the traditiond journds. In short, many of these preprint series gradudly took on many of the
characteristics of ajournd.

CERN darted issuing a weekly list of preprints in 1958. Already in the early 1960s, semi-
automatic means (early computers) were being used to produce this list. Eventudly the data
were kept in a database from which the list could be produced, and in 1983 this database was
made avallable to users for searching the library catalogue. Every bibliographic record was
catalogued from the paper document and typed into the database. By 1991, the Stuation was
that the number of paper preprints being cataogued had risen to about 10,000 per year and the
sysgem was absolutdly at the limit of what could be achieved with the two daff members
avalable. The publication references to the journd versons of the articles were dso being
added to the database by hand. There were dso problems of space for storing al these
documents. In fact, in 1990 we dated a scanning procedure for preprints and severd
thousand were scanned. However this project had to be stopped when the person doing the
scanning retired.

In August 1991, the Los Alamos dectronic preprint server was launched. Actudly it darted at
Princeton and is now a Corndl, though with the Internet it is perhaps hard to define what
“where’ redly means. This was pre-Web, the full text documents were obtained by FTP.
Even 50, the server provided an enormous improvement in the speed and ease of preprint
communication. By 1992, it was darting to become popular among particle theorists and it
was not long before some inditutes announced that they were stopping the costly distribution
of paper preprints. We would have less preprints to handle! However it was clear to us that
the dectronic preprints would have to be treated in the same way as paper ones, except that
here was a chance to cut down on the amount of manua input that was the bottleneck at that
time.

4 HARVESTING THE M ETADATA

During 1993 we had a technica student write a program to read the daily emall derts from
the e-print archives (as they were then cdled), to decipher the bibliographica data (at that
time there was just one block of free-text data) and to create database records with links to the
full text documents By this time, we had the Web but our database was not yet Web
searchable. Instead we provided Web pages where one could navigate to the document using
its archive number (like hep-thyymmnnn).
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The uploading of bibliographic data was darted for the particle physics archives in December
1993, and from January 1994 onwards the records were al linked to full text versons.
Although the terms had not yet been invented, this was probably the firs example of a
program to harvest metadata.

Manual input of paper preprints still continued and we scanned most of them so that we could
offer an amost complete eectronic library. Only theses and reports over 100 pages were not
scanned. The number needing to be scanned decreased steadily as more and more were being
submitted to Los Alamas or could be found on other Web Sites.

In November 1996, the Los Alamos archives introduced some structure into its bibliographic
data: the title and authors were separated into dedicated fidds. A smplified verson of the
harvesting program was written to handle this and proved to be more efficient & extracting
the various dements of bibliographic data. At the same time we expanded our coverage to the
whole of the Los Alamos archives (al subject aress).

5 SUBMISSION OF ELECTRONIC DOCUMENTS

As a other inditutes, CERN paper preprints were aso being distributed in severad hundred
copies around the world. The printing shop had started to accept dectronic documents but this
was done on an ad hoc bads, the authors just sending the files with a message to the person
responsble. The printing chan was completely independent of the hibliographic database.
The CERN preprints were smply received by the Library after printing just as for other
recipients, and catalogued by hand. The next step was to reorgani ze this procedure.

A submisson procedure was set up usng Web forms and launched in 1995. After some
traning, CERN divisond secretaries were able to submit their divisond preprints and
reports eectronicdly. The bibliographic information was entered on the Web form, together
with the location of the complete st of files for the document. The submisson program then
copied the relevant files and put them onto our central server.

This was soon extended to other series of documents. One of the problems we had (and il
have) is tha too many CERN documents were being published without the Library being
aware of them, even though this is technicdly aganst CERN'’s rules. Conference proceedings
publications were the most common example of this. In the paper era, these were not aways
digributed to other inditutes as preprints. Instead an author would smply write up his
presentation and sent it to the editors for publication, without informing us. Theses were
another example, being submitted to the universty in question often after the student had left
CERN, but sometimes being the only place where some critica pieces of information were
recorded.

We often managed to pick up the existence of these documents by targeted searches in
databases such as INSPEC, but that was usualy too long afterwards and no eectronic verson
was linkable this way. So in 1996, the two series CERN-Open and CERN-Thess were
introduced, to which authors could submit their own documents. There was dso an “BExt”
sies to which documents from other inditutes could be submitted, ether by prior
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arangement with the inditute concerned who did their own submitting, or by our own daff
that submitted the eectronic versons of documents received on paper, when they were able to
locate them on the Web.

6 L OCATING THE DOCUMENTSIN THE DATABASE (WEBLIB)

Up until 1982 the CERN Library had used various in-house systems to manage its preprints.
From 1983, we used 1SIS (UNESCO) and the databases first became searchable by users dl
over CERN. In 1989 we changed to ALEPH (Ex Libris, Isradl), which we are ill usng for
mogt library functions. In 1995, the first Web interface developed by ALEPH was inadequate
for our purposes, so from 1996 we developed our own interface (WebLib) that makes its own
AP callsto the centrd ALEPH query processor.

The philosophy of WebLib is to give the posshility of navigating in a tree dructure of
different collections of documents (at fird the traditiond library collections like books,
preprints, journals, conference proceedings, but now many more). A search can be initisted at
any point in the tree, to be performed in the collection defined &t that point.

Once the WebLib interface was launched, we began to expand it to other textud documents
and even to non-textua “documents’. These items had not been handled by the Library
before, either because of the lack of resources for doing so in the paper era, or because they
had just been consdered outside the scope of the Library when the database was smply the
library catalogue. Now it was possble to cover many different eectronic collections with a
sngle search interface. So we included the internd notes of some of the larger experiments,
the notes used in the LHC congruction project, the documents of the committees responsible
for approving and scheduling the experiments (proposas, minutes, dStatus reports), press
cuttings about CERN and many other textua documents. Among norttextud collections can
be mentioned the CERN Photo collection, the HEP Inditutes database, the CERN Higtorica
Archive, videotgpes, Webcasts and the objects contained in the Microcosm exhibition (no full
text for these objects, some are afew metres high!).

As WebLib expanded into these other areas, the submisson procedures were expanded in
pardld, s0 that paticular kinds of document could be submitted by the authorized people
(password protected). We are able to handle documents that are confidential, access being
dlowed to only a specified group of people (such as a committeg). Documents can be
migrated from confidentid to public satus once they are rdeased, by smply flipping a flag
via the submisson interface. We are dso able to handle documents that have to pass through a
refereeing procedure before they are made public. So far, we do not offer authoring tools. we
expect a document to be complete by the time it enters the system. It can of course be
replaced by a revised verson, but one cannot compose one's document from scraich inside
the system at present.

One of the advantages of our highly modular gpproach to the WebLib design is tha we have
great flexibility in deveoping it dong the lines we want. Quite substantiad modifications can
be made extremey repidly. Furthermore we now regularly receive enquiries from potentid
customers in totally different areas who express an interest in usng our gpproach for ther
own data. The modular gpproach makes customization extremey easy and we are beginning
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to enter into licenang agreements. The CERN Management has expressed the wish that the
ETT (Education and Technology Trandfer) divison in which we find oursdves becomes
finenddly sdf-sufficient as soon as possible.

7 EXTENSION OF HARVESTING (UPL OADER)

In 1998, we made an agreement with INSPEC to upload CERN records free of charge in order
to catch some of the “by-passed” documents mentioned earlier. For this we had another
sudent write a program. We aso garted uploading from UnCover the publication references
of aready-exiding preprint records usng yet another program to match and upload (this one
written by an information scientis on a yea’'s vidt). It was cdear that the number of
independent external sources of data was going to increase and that large parts of al these
prograns were doing the same basic jobs reading records, converting data into database
fidds, and uploading records into the database. Only the detalled format description was
specific to each source. So, in 1999 a technicd student from the Czech Republic (now again
with us on his third vigt, he has been summer student, technicad student, and is now doctora
dudent) wrote a generd UplLoader program with an input module having a smple language
in which the precise format of the source data could be expressed. These configurations, as we
cdl them, can now be created and modified by our library preprint saff, without involving the
library computing support.

The Uploader program was introduced in February 2000 and we now harvest data on a regular
bass from about 100 different sources such as inditute home servers and databases. About
50,000 records per year are now uploaded from these sources. Not only that, but we invest a
lot of effort into continudly enhancing the qudity of the exiding metadata in the database,
using a whole series of programs. The data do not just stay frozen: they are standardized, get
enhanced structure and much new metadata (indexing) is aso added.

8 ELECTRONIC JOURNALS

Although | have sad that the collections of preprints do share many of the attributes of
journas, by eectronic journds we mean of course the éectronic versons of the commercidly
published journds. The firg publisher in our field to launch an eectronic journd was the 10P
in March 1997, followed soon &fter by the AIP, one of the mgor publishers in the particle
physicsfield.

Snce we dready had a subsantia database of preprints containing references to the
corresponding journd articles for the core particle physcs literature, it was clear that we
wanted to access the individua articles directly from the database records and not to have to
navigate each time via the journd dte usng the volume and page information. It was aso
clear that the manual addition of a URL to each database record would be too cumbersome. It
would not scale with increesng quantity. Furthermore, if the URLs of a publisher changed
globaly (which they sometimes did), dl the records would need to be modified.

Instead, we noticed that some publishers had regularity in the definition of ther URLS in
which the volume and page could be seen. We gave this task to a summer student in 1997
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(yes, the same one!) and he wrote an dgorithm to generate the required URL on the fly,
whenever a user clicked for the full text. All that was then necessary was to maintain a small
st of data for each journd defining the volumes that were currently available eectronicaly.
We contacted the publishers whose URLS were not of this form, and were able to persuade
many of them of the usefulness of this agpproach. This program was incorporated in the
WebLib interface in 1998.

Of course, there are dso many other eectronic journds of interest to CERN that our database
does not cover, and this has increased over the years as more and more journas have gone
electronic. To hep our users get quickly to the articles they want, we used the same program
to cdculate the URL once the user has typed in the volume, year and page. This Go-Direct
fegture is avalable on the page that leads to our eectronic journds. The e-journds can of
course aso be browsed in the standard way by locating them viatitle or subject category.

Currently we have access to nearly 1000 eectronic journals of interest to people at CERN. Of
these about 300 are those to which we have a paper subscription as well. Among the other 700
are many that we would have liked to subscribe to on paper but were prevented from doing by
budget congtraints (they now come as part of package agreements) and aso some of those
“old friends’ which we had been obliged to cancdl in the past due to the same congraints.

Concerning journd subscriptions, we find the Stuation for some particle physics core journas
(such as Physics Letters B) rather bizarre. The community pays large sums of money to build
the acceerators and cary out the experiments, and the editors and referees are dso
researchers in the fiedd who carry out these tasks in their research time. But then we are asked
to pay more and more to buy back the results we have produced, without which there would
be no journa to publish in the firgt place.

9 CITATION NAVIGATION AND FULLTEXT SEARCHES

For dl dectronic documents on our server (now about 200,000) we have extracted the block
of references a the end of each article, converted it from PostScript to text and have indexed
the complete text of each reference. For practica reasons, these have been stored in a separate
citations database linked to the main bibliographic database on a record-by-record basis via
the e-print number.

Firdly, this database permits the making of citation searches usng the journd reference, first
author, or in fact any text a dl which is in the citation. But the user can dso choose to display
the lig of references for a document. As this page is assembled, links to dl e-journd
references to which we have access are established and aso any links to e-print archive
documents. In fact, it has become commonplace for authors to quote both of these for each
reference.

This project was darted in 1998 and, after an andyds by a visting librarian in 2000, we
introduced an improved verson in 2001. There are about 2 million linkable references indde
our dectronic documents. The handling of the citations in this way is carried out for dl new
documents as pat of the daly procedures. There are further improvements underway to
increase the proportion of references that can be linked to the full text.
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The full text of dl our eectronic documents has been indexed using the Internet search engine
UltraSeek. This dlows any text in any of these documents to be retrieved. This full text
indexing is dso part of our dally processng of new documents. At present it is a sandalone
feature, that is, it cannot be combined with searches in the bibliographic data. What would be
redly good, for example, would be to combine a search for fragment of full text with a search
for an author. Thereis more to be done in this area.

10 FREELY-ACCESS BLE PARTICLE PHYSICSELECTRONIC LITERATURE

If we look at the combined effects of the submisson scheme, the UpLoader and the WebLib
search engine we see that they have created a virtud library of dectronic documents in the
particle physics fied. In the sense that a journd is dso just a collection of documents, this an
be consdered to be a virtud e-journd. More than that, it covers the whole fied of research,
whereas asingle e-journa only publishes a part of the complete literature.

The typesstting of the e-print aticles is of course the responshbility of the authors, because
they are not composing their documents insde our system. However since most authors use
LaTeX, the layout is quite sandardized in practice. The didribution aspect (getting the full
text to the user) is handled by the WebLib linking facilities No navigation indde the
publishers own pages (with their different interfaces) is necessary.

Journds have independent refereeing of the articles they publish. At present, this is clearly an
advantage over the kind of refereeing that is done for preprints, Snce while the latter may well
be dringent and fair it cannot be seen to be fair dnce it is after dl internd refereging. One
thing that we want to introduce is a measure of the extent of the referesing for each document,
say on a scde from 0 to 5, which would be stored in the database record so that it could be
displayed or even used in searching.

Access to WebLib is about 40% from CERN machines (even though the people themselves
may be outsde CERN) and about 60% from non-CERN machines. The links to the everson
of the preprint and the everson of the journd article sand dde-by-sde. The user can choose
whichever he wants. Of course those who do not have access to the e-journd will get the
appropriate error message if they try to access the journd aticle. In a typicd month, queries
are received from about 11,000 different host computers around the world.

In spite of the open accesshility of e-prints, they are 4ill being published in journds. The
inertia of the current sysgem is dill pushing it forward. Univerdties gill recognize only
journd publications for job candidates and for evauating the career paths of researchers.
Funding agencies aso use smilar parameters when deciding where to spend their money.

11  FUTURE DEVELOPMENTS
Continuing dong the lines described above, we 4ill have a number of projects under

deve opment that will further enhance the possibilities.
We ae usng datigicad and linguigic andyss of the complete full text in order to atribute
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keywords and keyword phrases to the documents. We have made a correlation between the
full texts of a training sample of about 2000 documents and the thesaurus terms atributed to
those documents by the documentation group a our Sster laboratory DESY in Hamburg.
From WebLib, it is now possble to generate a lig of DESY Thesaurus terms for any
document. This project is currently in its firs phase and more development is necessary. We
have a Spanish student writing his Ph.D. on thistopic.

We will soon be moving the user search interface from the ALEPH-based one to a MySQL
one we have developed oursdves. This will give us a better response time and adso
independence. One of the reasons contributing to this change is the presence of some serious
bugs in the ALEPH search engine that causes many rather smple searches to fall completely.
We firg encountered this problem about three years ago, and it has got worse with time. In
spite of the fact that we spent some condderable effort in reverse engineering to locate the
origin of the problem rather precisely, ALEPH were never able or willing to correct it. Instead
they directed us towards their new verson. Unfortunately, this new verson is gill not stable
in the centers that have it, 0 we 4ill have not been able to make the changeover. Because of
the power of Internet search engines like Google, we are planning to creste permanent Web
pages for each of our documents so that they would be picked up by the various Internet
indexing programs. This would solve the problem of users who say “if it's not found by
Google, it doesn't exidt”.

We are developing an encyclopedic database of dl terms used in the particle physics fied
(20,000 a present). When finished, we plan to link the mention of any of these terms (except
perhgps the very common ones) in the fulltext of any document with the description of the
term and links to origind documents that defined it.

All of thee are just extensons to the way in which information in documents can be linked.
The eectronic document era has changed how we do things quite a lot, but so far it is hardly
changed what we do a al. We have managed to replace most of the classica operations that
could be performed manualy with the peper literature, such as searching, looking up cited
papers, and making citation searches (using a database for this last one, of course). However,
scientific communication gill follows the path of producing completdly contained documents,
containing an introduction and a description of the context in which the work is to be seen.
Only a pat of the document deds with what is redly new. | think this is just a carry-over
from the time when documents were on paper and had to be sdf-contained. In the long term, |
think there is a much more effident way of organizing the information. It would be as a sort
of massve dectronic textbook, where any new piece of work could be hooked on and linked
to the relevant places.

12  CONCLUSIONS

We have managed to develop a lot of functiondity in the way we can access our documents
snce the gart of the dectronic era, despite the fact that the Library staff has been reduced in
this period. As is often the case, automatic techniques do not redly save time, they just engble
one to do morein the sametime.

| think severa factors have contributed in adlowing us to get where we are today. The most
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important is the strict modularity we have imposed on the desgn. It was not like this from the
beginning. In the period 1994-1997 we branched out in many directions a once, developing
the functions | have described. But then followed a period of consolidation, which has now
led to a second phase of increased development which we expect to continue for along time.

Then on the persona side we have worked together very well as ateam.

We have been able to develop most of our staff to carry out work a a much higher level than
their qudifications might have suggested. This has led to an enhancement of job interest and
therefore excellent results.

We have had a regular supply of highly able students and other vidtors from the Member
States, without whom we would not have been able to launch these projects, while at the same
time kesping our daily services running.

We have been fortunate to have a superb team of young people giving us the dedicated

computing support that we need, in particular implementing a highly modular desgn where
amog every piece of codeis used in many different places.
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